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PURPOSE. Epidemiologic evidence of a relationship between thyroid dysfunction and age-
related macular degeneration (AMD) is inconsistent and unclear. We aimed to assess the
prospective associations between serum thyroid-stimulating hormone (TSH) and free
thyroxine (FT4) measurements, as well as thyroid dysfunction (hyperthyroidism and
hypothyroidism) and incidence of AMD.

METHODS. Categories of thyroid dysfunction were defined according to a serum TSH screen
followed by serum FT4 assessment, and were available in 906 participants (aged 55þ years) at
risk of AMD incidence (from 1997–1999 to 2007–2009). Continuous serum FT4 measures
were available regardless of TSH screening results in 583 participants at risk of AMD
incidence. Age-related macular degeneration was assessed from retinal photographs.

RESULTS. Participants with overt hyperthyroidism compared to those with normal thyroid
function at baseline had increased risk of developing any incident AMD, after adjusting for
age, sex, smoking, fish consumption, and variants in AMD susceptibility genes (CFH and
ARMS2): odds ratio (OR) 3.51 (95% confidence interval [CI] 1.16–10.65). Participants who
reported current use of thyroxine (n ¼ 67; 7.3%) versus those who were not current users (n
¼ 839) had a 68% increased risk of incident AMD, multivariable-adjusted OR 1.68 (95% CI
1.01–2.82). Similarly, participants who had ever been on thyroxine medication (n ¼ 77; 8.4%)
compared to those who had never been on thyroxine (n ¼ 829) also had a higher risk of any
AMD, multivariable-adjusted OR 1.91 (95% CI 1.18–3.09).

CONCLUSIONS. Overt hyperthyroidism was independently associated with an increased risk of
incident AMD. Thyroxine usage in older adults was also positively associated with incidence
of AMD.

Keywords: Blue Mountains Eye Study, thyroid dysfunction, age-related macular degeneration,
older adults, incidence

Age-related macular degeneration (AMD) is the leading cause

of blindness and visual impairment among older adults.1

While there have been recent significant advances in the

understanding of AMD, knowledge of the pathophysiology

underlying the development and progression of this disease

remains incomplete. Current treatment options are limited to

patients with late-stage neovascular AMD or intermediate

AMD.2,3 For the majority of the population with no AMD or

early AMD, there is no strategy for disease prevention except

the avoidance of cigarette smoking4,5 and use of antioxidant

supplements.6,7 Other potential risk factors include other

nutritional factors, cardiovascular diseases, and genetic mark-

ers, including genes that regulate complement, lipid, angiogen-

ic, and extracellular matrix pathways.8,9

Thyroid disease has been implicated as a risk factor for AMD,

although inconsistently so.10,11 Cross-sectional data from the

National Health Interview Survey found increased odds of AMD

in participants with self-reported hypothyroidism.10 Recently,

the Rotterdam Study found that higher serum free thyroxine

(FT4) values were associated with increased risk of AMD, even

in older euthyroid individuals.11 Further, some studies have

shown that the use of thyroid hormones is associated with

AMD12,13 while another study did not establish any such
relationship.14

Given the lack of population-based cohort studies that have
prospectively examined the relationship between thyroid
dysfunction and incidence of AMD, as well as the equivocal
nature of the existing literature in this area, we conducted an
exploratory study involving a relatively large cohort of older
adults to establish the temporal association between serum
thyroid-stimulating hormone (TSH) and FT4 values and the 5-
and 10-year incidence of AMD, independent of potential
confounders; the prospective relationship between thyroid
dysfunction (overt and subclinical hypothyroidism, and overt
and subclinical hyperthyroidism) and risk of incident AMD over
5 or 10 years; and the role of thyroxine medication usage on the
risk of developing AMD among older adults.

METHODS

Study Population

The Blue Mountains Eye Study (BMES) is a population-based
cohort study of age-related eye diseases and other health
outcomes in a population located west of Sydney. Study
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methods have been described elsewhere.15 Baseline examina-
tions of 3654 residents aged > 49 years were conducted during
1992 to 1994 (BMES-1; 82.4% participation rate). Surviving
baseline participants (i.e., survivors) were invited to attend
examinations after 5 years (1997–1999, BMES-2), 10 years
(2002–2004, BMES-3), and 15 years (2007–2009, BMES-4). At
BMES-2 there were 3079 survivors, of whom 2334 (75.8%)
were contactable and agreed to participate; at BMES-3 there
were 2544 survivors, of whom 1952 (76.7%) were contactable
and agreed to participate; and at BMES-4 there were 2048
survivors, of whom 1149 (56.1%) were contactable and agreed
to participate. Thyroid function measures were taken only
from BMES-2 onward and thus were not collected at BMES-1.
Participants who presented with normal TSH levels (0.1–4.0
mIU/L) at BMES-2 did not have serum FT4 measured at BMES-2.
At BMES-3, participants had serum FT4 measures available
regardless of whether serum TSH levels were in the normal
range or not. The main analysis presented in this paper is on
the association between thyroid function status and 10-year
incidence of AMD (from BMES-2 to BMES-4); however, we also
present analysis of data on thyroid function status and 5-year
incidence of AMD data (from BMES-3 to BMES-4), primarily to
establish the associations of serum FT4 in the full range with
risk of AMD.16 The University of Sydney and the Western
Sydney Area Human Ethics Committees approved the study,
and written, informed consent was obtained from all partici-
pants at each examination. All study procedures were in
accordance with the Declaration of Helsinki.

Assessment of AMD

The detailed methodology of assessing for the presence of
AMD has been previously reported.17,18 Briefly, we took two
308 stereoscopic color retinal photographs of the macula of
both eyes, which were graded AMD by two trained and
experienced graders.17,18 Inter- and intragrader reliability
showed good agreement for grading of specific AMD
lesions.17–19 Early AMD was defined as the absence of late
AMD and presence of either (1) large (>125-lm diameter)
indistinct soft or reticular drusen or (2) both large distinct soft
drusen and retinal pigmentary abnormalities (hyper- or
hypopigmentation) in either eye.18 Late AMD was defined as
the presence of neovascular AMD or geographic atrophy in
either eye.18 Incident any AMD was defined as presence of any
AMD lesions at follow-up in the absence of AMD at the first
examination. A retinal specialist (PM) adjudicated all uncertain
cases and confirmed all late AMD cases.

Assessment of Thyroid Dysfunction

Fasting blood was collected from participants and testing was
carried out on the same day as blood collection (Institute of
Clinical Pathology and Medical Research, Westmead Hospital),
as previously described.20 Serum TSH was measured using an
Abbott AxSYM autoanalyzer (Abbott Park, IL, USA) with
analytical sensitivity of 0.03 mIU/L and assay range of 0 to
100 mIU/L. The Abbott AxSYM system was also used to
measure free T4 (FT4) with an assay range of 0 to 77.2 pM.

Normal TSH levels were defined as serum TSH 0.1 to 4.0
mIU/L and normal FT4 levels as 11.5 to 25.1 pM. Hypothy-
roidism was defined as TSH > 4.0 mIU/L in the presence of
either normal or abnormal serum FT4.16 We defined hyperthy-
roidism as TSH < 0.1 mIU/L in the presence of either normal or
abnormal serum FT4. Overt hyperthyroidism was defined as
serum TSH < 0.1 mIU/L and high FT4 (>25.1 pM). Overt
hypothyroidism was defined as elevated TSH (>4.0 mIU/L) and
low FT4 (<11.5 pM). Subclinical hyperthyroidism was defined
as low TSH (<0.1 mIU/L) and normal FT4. Subclinical

hypothyroidism was defined as increased TSH (>4.0 mIU/L)
and normal FT4.16

Assessment of Covariates

Participants self-reported smoking status as either never
smoked, past smoker, or current smoker. We extracted
separate data on the frequency of consuming fish (e.g., salmon,
tuna, and sardines) from a food-frequency questionnaire.
Genotypic status was available for the complement factor H
(CFH) single nucleotide polymorphism (SNP) rs1061170 in
2041 baseline participants who returned at BMES-2 and for the
age-related maculopathy susceptibility gene 2 (ARMS2) SNP
rs10490924 in 1893 baseline participants who returned at
BMES-2. Two sources of genotypic information were used.21

TaqMan assays (Applied Biosystems, Foster City, CA, USA) had
been performed to provide specific genotyping of rs1061170
in 1925 individuals and rs10490924 in 638 individuals. In
addition, BMES genotyping was also carried out for a genome-
wide association study (GWAS) using a custom array (Human
670-Quad, version 1; Illumina, Inc., San Diego, CA, USA) at the
Wellcome Trust Centre for Human Genetics, Sanger Institute,
Cambridge, United Kingdom, as part of the Wellcome Trust
Case Control Consortium 2. After quality control, genotype
imputation was performed using a genetic variation catalogue
(1000 Genomes, version 1, EMBL-EBI, Heidelberg, Germany)
and IMPUTE software (University of Oxford, UK). Imputed
genotypic status was available for rs1061170 in 1657 baseline
participants who returned at BMES-2 and rs10490924 in 1802
baseline participants who returned at BMES-2. This information
on genotyping status from imputed data was used where
TaqMan assays were not available, for rs1061170 in 116
individuals and for rs10490924 in 1255 individuals. Concor-
dance rates between typed and imputed SNP values were
99.6% for rs1061170 and 99.2% for rs10490924. Imputation
data metrics were as follows: Imputation R2 values were 0.968
for rs1061170 and 0.996 for rs10490924; the proportion of the
sample with missing SNP information was 8.8% for rs1061170
and 0.5% for rs10490924; Hardy-Weinberg equilibrium P values
were 0.79 for rs1061170 and 0.95 for rs10490924; minor allele
frequencies were 0.39 for rs1061170 and 0.22 for rs10490924.
We inspected all current medications, and participants also
self-reported past medication use, which allowed us to
determine whether participants were currently receiving or
had used thyroxine in the past.

Statistical Analyses

SAS statistical software (SAS Institute, Cary, NC, USA) version
9.3 was used for analyses. Associations between thyroid
dysfunction categories (study factor) and 10-year cumulative
incidence of AMD (study outcome) were examined in discrete
logistic regression models. The discrete logistic model refers to
a survival model in which event times are treated as being
genuinely discrete in truth rather than being on a continuous
spectrum. The discrete time hazard is related to covariates by a
logistic regression equation.22 We have used its implementa-
tion in SAS in PROC PHREG, where a partial likelihood
estimation method is used. Moreover, associations between
thyroid dysfunction categories, quintiles of serum FT4 levels,
and 5-year AMD incidence were examined using standard
logistic regression models. Regression analysis first adjusted for
age and sex, and then for covariates that have been found to be
associated with incidence of AMD in the BMES cohort: current
smoking; fish consumption; and the presence of CFH and
ARMS2 SNPs, rs1061170 and rs10490924, respectively. Geno-
type status was included as an adjustment factor in multivar-
iable-adjusted models using three categories (no minor alleles,
one minor allele only, or two minor alleles), and no minor
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alleles was used as the reference group to which each other
category was compared. Findings from all analyses are
expressed as adjusted odds ratios (OR) with 95% confidence
intervals (CI). We analyzed serum TSH and FT4 both as
categorized (quintiles and diagnostic cut-points). Statistical
significance was defined as P < 0.05.

RESULTS

Thyroid Function Status and 10-Year Incidence of
AMD

Of the 2334 participants examined at baseline (i.e., BMES-2 in
this case), 906 had complete thyroid measures and 10-year
AMD data; hence, these participants were included for
longitudinal analyses. We had conducted preliminary analysis
that did indeed involve analyzing any, early, and late AMD as
the study outcome; however, these initial analyses revealed
very small numbers when analyzing early and late AMD
separately. Hence, for this reason we have chosen to focus
on any AMD as the key outcome in the current report. After
multivariable adjustment, having a high TSH (>4.0 mIU/L) or
low TSH (<4.0 mIU/L) level at baseline versus normal TSH
levels was not associated with the 10-year incidence of any
AMD: OR 1.53 (95% CI 0.84–2.81), P¼ 0.17, and OR 1.68 (95%
CI 0.74–3.81), P ¼ 0.2, respectively. Participants with overt
hyperthyroidism compared to those with normal thyroid
function at baseline had 3.5-fold increased risk of developing
any AMD over the 10 years, after adjusting for all potential
confounders: OR 3.51, 95% CI 1.16 to 10.65 (P¼0.03; Table 1).

We also separately analyzed the associations between
thyroxine medication use and 10-year incidence of any AMD,
that is, compared risk of incident AMD among those who
reported current thyroxine use versus nonusers (reference
group). Participants who reported current use of thyroxine (n
¼ 67; 7.3%) versus those who were not current users (n¼ 839)
had a 68% increased risk of incident AMD, multivariable-
adjusted OR 1.68 (95% CI 1.01–2.82), P ¼ 0.05. Similarly,
participants who had ever been on thyroxine medication (n¼
77; 8.4%) compared to those had never been on thyroxine (n¼
829) also had a higher risk of any AMD over the 10 years,
multivariable-adjusted OR 1.91 (95% CI 1.18–3.09), P ¼ 0.01.

Thyroid Function Status and 5-Year Incidence of
AMD

After multivariable adjustment, having a high TSH (n ¼ 38)
versus normal TSH level (n ¼ 535) at baseline was associated
with a greater risk of any AMD 5 years later, OR 2.62 (95% CI
1.04–6.56), P ¼ 0.04. A low TSH (n ¼ 10) level versus normal
TSH levels was not associated with the 5-year incidence of any
AMD, OR 2.91 (95% CI 0.64–13.24), P ¼ 0.17. Table 2 shows
that thyroid dysfunction status categories were not associated
with the 5-year incidence of any AMD. Participants who had
ever been on thyroxine medication or reported current use of
thyroxine did not have a higher risk of developing any AMD
over the 5 years: OR 1.62 (95% CI 0.74–3.54), P¼ 0.2, and OR
1.75 (95% CI 0.79–3.86), P ¼ 0.17. Table 3 shows that there
was no significant association between increasing quintiles of
serum FT4 levels and the 5-year incidence of any AMD.

TABLE 1. Association Between Baseline Thyroid Disease and 10-Year Incidence of Any AMD, Presented as Adjusted Odds Ratios (OR) and 95%
Confidence Intervals (CI)

Thyroid Function Status

Incidence of Any AMD, OR (95% CI)

n (%) Age, Sex Adjusted Multivariable Adjusted*

Multivariable

Adjusted P*

Normal thyroid function, n ¼ 827 216 (26.1) 1.0, reference 1.0, reference

Hyperthyroidism

Overt, n ¼ 11 7 (63.6) 3.65 (1.28–10.4) 3.51 (1.16–10.65) 0.03

Subclinical, n ¼ 9 2 (22.2) 0.78 (0.17–3.55) 0.80 (0.17–3.67) 0.70

Hypothyroidism

Overt, n ¼ 13 4 (30.8) 1.38 (0.45–4.25) 1.68 (0.51–5.49) 0.4

Subclinical, n ¼ 40 15 (37.5) 1.45 (0.79–2.67) 1.44 (0.70–2.96) 0.3

Bold numbers indicate significant findings.
* Further adjusted for smoking, fish consumption, and CFH and ARMS2 SNPs (rs1061170 and rs10490924).

TABLE 2. Association Between Baseline Thyroid Disease and 5-Year Incidence of Any AMD, Presented as Adjusted Odds Ratios (OR) and 95%
Confidence Intervals (CI)

Thyroid Function Status

Incidence of Any AMD, OR (95% CI)

n (%) Age, Sex Adjusted Multivariable Adjusted*

Multivariable

Adjusted P*

Normal thyroid function, n ¼ 535 100 (18.7) 1.0, reference 1.0, reference

Hyperthyroidism

Overt, n ¼ 2 0 (0.0) ND ND

Subclinical, n ¼ 8 3 (37.5) 2.00 (0.44–9.02) 5.09 (0.94–27.61) 0.06

Hypothyroidism

Overt, n ¼ 17 5 (29.4) 1.77 (0.58–5.39) 3.03 (0.86–10.7) 0.09

Subclinical, n ¼ 21 6 (28.6) 1.83 (0.68–4.95) 2.18 (0.59–8.07) 0.20

ND, not defined.
* Further adjusted for smoking, fish consumption, and CFH and ARMS2 SNPs (rs1061170 and rs10490924).
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DISCUSSION

We provide novel epidemiologic data showing that overt
hyperthyroidism was independently associated with a greater
risk of developing incident AMD over 10 years. Further,
thyroxine medication use at baseline was also associated with a
greater risk of incident AMD. However, baseline serum TSH or
FT4 levels per se were not associated with 5- or 10-year
incidence of AMD.

Our exploratory study does not verify the significant
positive association between serum FT4 values and incident
AMD observed in the recent Rotterdam Study.11 However, we
report that overt hyperthyroidism (low TSH and high FT4
levels) in older adults is independently associated with ~3-fold
increased risk of developing any AMD, and this is aligned with
the Rotterdam Study findings.11 There are several potential
underlying mechanisms for our observed association with
overt hyperthyroidism (i.e., an overactive thyroid and overpro-
duction of thyroid hormones). First, elevated thyroid hormone
levels can accelerate the basal metabolic rate and oxidative
metabolism by induction of mitochondrial enzymes, which
causes a hypermetabolic state with increased generation of
reactive oxygen species.23,24 Moreover, there is growing
evidence of an imbalance between pro-oxidant–antioxidant
status and increased free radical–mediated oxidative stress in
patients having Graves’ disease (an autoimmune disease that is
the common cause of hyperthyroidism).23–25 Cumulative
oxidative damage plays an important role in the pathogenesis
of AMD,26 suggesting that this is a potential pathway by which
overt hyperthyroidism could influence AMD risk. Further,
there is evidence that stimulating thyroid hormone signaling
could cause degeneration of cone photoreceptors27 and
thyroid hormone itself could adversely influence retinal
pigment epithelial cells,11,28 which could also partly explain
the observed association between clinical hyperthyroidism and
AMD.

Our finding that thyroxine usage in older adults predicted
an increased risk of AMD concurs with other published
studies,12,13 including the Beaver Dam Eye Study, that reported
a positive association between the use of both synthetic and
desiccated thyroid hormones and risk of AMD.12,13 While
thyroxine medication use may be a surrogate for clinical
hypothyroidism in previous studies, prescription of medication
and adherence to the medication may not be considered equal
in all instances.10 This could explain the nonsignificant link
between hypothyroidism and AMD, and why thyroxine use
was positively associated with incident AMD in the BMES.
However, we cannot discount the possibility that the
relationship between thyroid medication use and incident
AMD is a chance finding; hence, the long-term significance of
this observation remains unclear and warrants further inves-
tigation in other cohort studies.

Strengths of this study include its prospective data
collection and long-term follow-up of a population-based
sample. Further, this study used high-quality stereoscopic
retinal photography with validated grading to assess macular
conditions, and a detailed side-by-side comparison of the
baseline and follow-up photographs to ensure negligible
misclassification of incident AMD.29–31 However, study limita-
tions also deserve discussion. First, we did not have measures
of antithyroid antibodies and serum T3; hence, complete
assessment of thyroid function was not possible in this study,32

and we could not determine the temporal relationship
between these other measures of thyroid function and
incidence of AMD. Second, the number of participants who
developed incident AMD was small. Third, we cannot discount
the influence of residual confounding from unmeasured or
unaccounted for factors (e.g., inflammatory markers). A further
limitation is the use of a survivor cohort; for instance, persons
with thyroid dysfunction might have developed AMD but could
have been lost to follow-up or have died before the 5- or 10-
year examination.

Improved knowledge of risk factors could help to develop
comprehensive screening strategies for AMD, particularly given
that it is a condition often diagnosed in an already advanced
sight-threatening stage.33 Our findings support some of the
other cohort studies11 by suggesting that thyroid disease could
contribute to a better profiling of AMD in clinical practice.
Specifically, we show that overt hyperthyroidism was associ-
ated with a greater risk of developing AMD in the longer term.
Thyroxine medication use also appears to play a role in
influencing risk of incident AMD. Nevertheless, we caution
that further studies are needed to confirm and validate our
findings and to better elucidate the influence of thyroid
hormones and medication use on the development of AMD in
older adults.

Acknowledgments

The Blue Mountains Eye Study was funded by the Australian
National Health and Medical Research Council (Grant Nos.
974159, 991407, 211069, 262120) and Westmead Millennium
Institute. BG is supported by a Macular Disease Foundation
Australia and Blackmores Dr Paul Beaumont Fellowship.

Disclosure: B. Gopinath, None; G. Liew, None; A. Kifley, None;
P. Mitchell, None

References

1. Foran S, Wang JJ, Mitchell P. Causes of visual impairment in
two older population cross-sections: the Blue Mountains Eye
Study. Ophthalmic Epidemiol. 2003;10:215–225.

2. Michels S, Rosenfeld PJ, Puliafito CA, Marcus EN, Venkatraman
AS. Systemic bevacizumab (Avastin) therapy for neovascular

TABLE 3. Association Between Baseline Quintiles of Serum FT4 Levels and 5-Year Incidence of Any AMD, Presented as Adjusted Odds Ratios (OR)
and 95% Confidence Intervals (CI)

Serum FT4, pM

Incidence of any AMD, OR (95% CI)

No. Cases/No. at Risk Age, Sex Adjusted Multivariable Adjusted*

Multivariable

Adjusted P*

1st quintile 19/115 1.0 (reference) 1.0 (reference)

2nd quintile 29/129 1.60 (0.82–3.10) 2.08 (0.94–4.60) 0.07

3rd quintile 18/117 0.95 (0.46–1.98) 1.34 (0.56–3.24) 0.50

4th quintile 28/118 1.67 (0.85–3.28) 2.03 (0.87–4.70) 0.10

5th quintile 20/104 1.14 (0.56–2.33) 1.19 (0.47–3.02) 0.71

P trend 0.75 0.77

* Further adjusted for smoking, fish consumption, and CFH and ARMS2 SNPs (rs1061170 and rs10490924).

Thyroid Dysfunction and Age-Related Macular Degeneration IOVS j October 2016 j Vol. 57 j No. 13 j 5276

Downloaded from iovs.arvojournals.org on 11/05/2020



age-related macular degeneration twelve-week results of an
uncontrolled open-label clinical study. Ophthalmology. 2005;
112:1035–1047.

3. Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for
neovascular age-related macular degeneration. N Engl J Med.
2006;355:1419–1431.

4. Thornton J, Edwards R, Mitchell P, et al. Smoking and age-
related macular degeneration: a review of association. Eye.
2005;19:935–944.

5. Smith W, Assink J, Klein R, et al. Risk factors for age-related
macular degeneration: pooled findings from three continents.
Ophthalmology. 2001;108:697–704.

6. Christen WG, Glynn RJ, Chew EY, Albert CM, Manson JE. Folic
acid, pyridoxine, and cyanocobalamin combination treatment
and age-related macular degeneration in women: the Women’s
Antioxidant and Folic Acid Cardiovascular Study. Arch Intern

Med. 2009;169:335–341.

7. Age-Related Eye Disease Study 2 Research Group. Lutein þ
zeaxanthin and omega-3 fatty acids for age-related macular
degeneration: the Age-Related Eye Disease Study 2 (AREDS2)
randomized clinical trial. JAMA. 2013;309:2005–2015.

8. Lim LS, Mitchell P, Seddon JM, Holz FG, Wong TY. Age-related
macular degeneration. Lancet. 2012;379:1728–1738.

9. Gopinath B, Flood VM, Louie JC, et al. Consumption of dairy
products and the 15-year incidence of age-related macular
degeneration. Br J Nutr. 2014;111:1673–1679.

10. Bromfield S, Keenan J, Jolly P, McGwin G Jr. A suggested
association between hypothyroidism and age-related macular
degeneration. Curr Eye Res. 2012;37:549–552.

11. Chaker L, Buitendijk GH, Dehghan A, et al. Thyroid function
and age-related macular degeneration: a prospective popula-
tion-based cohort study–the Rotterdam Study. BMC Med.
2015;13:94.

12. Klein R, Klein BE, Jensen SC, et al. Medication use and the 5-
year incidence of early age-related maculopathy: the Beaver
Dam Eye Study. Arch Ophthalmol. 2001;119:1354–1359.

13. Risk factors associated with age-related macular degeneration.
A case-control study in the age-related eye disease study: Age-
Related Eye Disease Study Report Number 3. Ophthalmology.
2000;107:2224–2232.

14. Douglas IJ, Cook C, Chakravarthy U, et al. A case-control study
of drug risk factors for age-related macular degeneration.
Ophthalmology. 2007;114:1164–1169.

15. Attebo K, Mitchell P, Smith W. Visual acuity and the causes of
visual loss in Australia. The Blue Mountains Eye Study.
Ophthalmology. 1996;103:357–364.

16. Gopinath B, Wang JJ, Kifley A, et al. Five-year incidence and
progression of thyroid dysfunction in an older population.
Intern Med J. 2010;40:642–649.

17. Wang JJ, Rochtchina E, Lee AJ, et al. Ten-year incidence and
progression of age-related maculopathy: the Blue Mountains
Eye Study. Ophthalmology. 2007;114:92–98.

18. Klein BE, Moss SE, Magli YL, et al. Optic disc cupping:
prevalence findings from the WESDR. Invest Ophthalmol Vis

Sci. 1989;30:304–309.

19. Mitchell P, Smith W, Attebo K, Wang JJ. Prevalence of age-
related maculopathy in Australia. The Blue Mountains Eye
Study. Ophthalmology. 1995;102:1450–1460.

20. Goodrich ME, Cumming RG, Mitchell P, Koutts J, Burnett L.
Plasma fibrinogen and other cardiovascular disease risk factors
and cataract. Ophthalmic Epidemiol. 1999;6:279–290.

21. Holliday EG, Smith AV, Cornes BK, et al. Insights into the
genetic architecture of early stage age-related macular
degeneration: a genome-wide association study meta-analysis.
PLoS One. 2013;8:e53830.

22. Cox DR. Regression models and life-tables. J R Stat Soc Series

B Stat Methodol. 1972;34:187–220.

23. Tsai CC, Kao SC, Cheng CY, et al. Oxidative stress change by
systemic corticosteroid treatment among patients having
active graves ophthalmopathy. Arch Ophthalmol. 2007;125:
1652–1656.

24. Mano T, Sinohara R, Sawai Y, et al. Effects of thyroid hormone
on coenzyme Q and other free radical scavengers in rat heart
muscle. J Endocrinol. 1995;145:131–136.

25. Venditti P, Balestrieri M, Di Meo S, De Leo T. Effect of thyroid
state on lipid peroxidation, antioxidant defences, and suscep-
tibility to oxidative stress in rat tissues. J Endocrinol. 1997;
155:151–157.

26. Beatty S, Koh H, Phil M, Henson D, Boulton M. The role of
oxidative stress in the pathogenesis of age-related macular
degeneration. Surv Ophthalmol. 2000;45:115–134.

27. Ma H, Thapa A, Morris L, et al. Suppressing thyroid hormone
signaling preserves cone photoreceptors in mouse models of
retinal degeneration. Proc Natl Acad Sci U S A. 2014;111:
3602–3607.

28. Duncan KG, Bailey KR, Baxter JD, Schwartz DM. The human
fetal retinal pigment epithelium: a target tissue for thyroid
hormones. Ophthalmic Res. 1999;31:399–406.

29. Kaushik S, Wang JJ, Flood V, et al. Dietary glycemic index and
the risk of age-related macular degeneration. Am J Clin Nutr.
2008;88:1104–1110.

30. Tan JS, Wang JJ, Flood V, Mitchell P. Dietary fatty acids and the
10-year incidence of age-related macular degeneration: the
Blue Mountains Eye Study. Arch Ophthalmol. 2009;127:656–
665.

31. Gopinath B, Flood VM, Rochtchina E, Wang JJ, Mitchell P.
Homocysteine, folate, vitamin B-12, and 10-y incidence of age-
related macular degeneration. Am J Clin Nutr. 2013;98:129–
135.

32. Gopinath B, Harris DC, Wall JR, Kifley A, Mitchell P.
Relationship between thyroid dysfunction and chronic kidney
disease in community-dwelling older adults. Maturitas. 2013;
75:159–164.

33. Ittermann T, Jurgens C. Thyroid function: a new road to
understanding age-related macular degeneration? BMC Med.
2015;13:95.

Thyroid Dysfunction and Age-Related Macular Degeneration IOVS j October 2016 j Vol. 57 j No. 13 j 5277

Downloaded from iovs.arvojournals.org on 11/05/2020


	t01
	t02
	b01
	b02
	t03
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33

